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ABSTRACT
In the prairie pothole region, high predation rates often reduce duck nest 
success below the 15-20% thought necessary for population stability. Lethal 
removal of mammalian predators of duck nests is one potential management 
option, but there is little reliable information about effects on nest success of 
removing mammalian predators without using poisons. On 16 4,150-ha blocks, 
half of them trapped during spring and summer, I found higher (P < 0.001) nest 
success on trapped sites (45%) than on untrapped sites (17%). There were no 
year (P = 0.296), year-treatment (P =0.423), or species-treatment (P > 0.895) 
effects. Nest success of blue-winged teal (Anas discors) and gadwalls (A. 
strepera) was higher than that of mallards (A. platyrhynchos) and pintails (A. 
acuta, P = 0.028) on trapped and untrapped sites. Nest success was positively 
related to numbers of predators removed (P < 0.001). Predator removal, 
although controversial, is an effective management tool for increasing nest 
success of dabbling ducks.
Nest success increased with increasing nest age (P < 0.001) for all 
species tested, and increased with later date for blue-winged teal (P < 0.001) 
and for all species combined (P < 0.001). Lower success of early-stage nests 
could result in nest success estimates that are biased high. Presence of feces, 
distance from wetland edge and distance from grassland habitat edge did not 
influence nest success, but distance from abandoned buildings did. On 
trapped sites, nests closer to abandoned buildings were more likely to survive
xii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
until hatch, whereas on untrapped sites, nests dose to abandoned buildings 
were less likely to survive (P = 0 003).
Nest abandonment decreased (P < 0.001) with increasing nest age for 
all spedes, and increased with later date only for blue-winged teal (P = 0.02). 
Mallards abandoned nests with greater frequency than did blue-winged teal, 
gadwall or pintails (P < 0.01), particularly during early laying. Researchers 
should avoid disturbing early laying females if possible.
xiii
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INTRODUCTION
Low duck nest success is a major concern on the North American 
prairies. Low nest success, which largely reflects high nest predation, is 
viewed as the most significant limitation on waterfowl productivity in the prairies 
(Cowardin et al 1985, Greenwood et al. 1987, Johnson et al. 1992). Nest 
success on the prairies is often below the 15% estimated necessary for self- 
sustaining mallard (Anas platyrtiynchos) and northern pintail (A. acuta) 
populations, and the 20% needed by other species such as blue-winged teal (A. 
discors) and gadwall (A. strepera, Cowardin et al. 1985, Klett et al. 1988).
Cowardin et al. (1983) estimated that 70% of nest failures were due to predation, 
which are compounded by loss of adult ducks to predators on the breeding 
grounds. Sargeant et al. (1984) estimated that 900,000 adult ducks, primarily 
females, are killed by red fox (Vulpes vulpes) each year in the mid-continent area. 
Most of the management efforts under the North American Waterfowl 
Management Plan (NAWMP 1986) in the prairie region of the United States 
and Canada are aimed at increasing nest success of upland-nesting ducks.
High predation rates can be attributed to human alterations of nesting 
habitat and the predator community. Intensive agriculture has eliminated the 
vast majority of grassland habitat that was historically used as nesting cover. 
Much remaining cover is highly fragmented and often occurs as a fringe of 
vegetation around wetlands. Reduced cover might make nests much more 
susceptible to detection by predators traveling through narrow strips of 
vegetation (Cowardin et al. 1985, Greenwood et al. 1987, Klett et al. 1988).
1
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Compounding habitat degradation is a major shift in numbers and types of nest 
predators on the prairies. Extirpation of wolves (Canis lupus) and reduction of 
coyote populations (Canis latrans) has allowed medium-sized predators such 
as red fox, striped skunk (Mephitis mephitis) and raccoon (Procyon lotor) to 
flourish (Cowardin et al. 1983, Sargeant et al. 1993). Raccoons are a recent 
arrival to much of the North American prairies, though they are now abundant 
and an important nest predator for many ducks (Stoudt 1982). Abundance of 
medium-sized mammals and scarcity of nesting cover has been detrimental to 
duck breeding success.
Most attempts to increase duck nesting success have focused on ways 
to make nests less accessible to predators. Planting grassland cover for 
nesting has been the dominant management on United States Waterfowl 
Production Areas (WPA) and on NAWMP areas in Canada, yet has typically 
improved nest success by only a few percentage points, with highly variable 
results (Clark and Nudds 1991, Devries et al. 1994). Improved nest success 
associated with the Conservation Reserve Program (CRP) suggests that 
landscape level additions of nesting cover improve recruitment, but habitat 
improvement on this scale is not economically feasible for wildlife groups 
(Kantrud 1993, R. Reynolds, personal communication 1996). Intensive 
management efforts to make nests inaccessible, such as construction of 
islands and predator barrier fences, can increase nest success, but 
construction and upkeep is costly (Lokemoen 1984, Greenwood et al. 1990, 
Lokemoen and Woodward 1992,1993).
2
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An alternative to reducing nest availability is to alter predator behavior 
or predator numbers. Taste aversion programs attempt to train predators to 
avoid nests, but effects, if any, are local and require maintenance with treated 
eggs (Conover 1989). Supplemental feeding might satiate predators so they 
prey on fewer duck nests, but this technique may not be successful, is only 
practical on a local scale, and may actually increase predator abundance 
(Crabtree and Wolfe 1988). Most efforts to alter predator populations have 
used lethal control. Although there is growing interest in sterilization as a 
population control method, it is not yet effective for wild populations.
Predator population reduction using lethal methods has been the subject 
of much prior research, but most studies examining effects of predator removal 
on duck nest success have lacked control sites, had few or no replicates, or 
used poison as a removal technique (Kalmbach 1938, Balser et al. 1968, Lynch 
1972, Deubbert and Kantrud 1974, Deubbert and Lokemoen 1980, Doty and 
Rondeau 1987). Poison is neither legal nor acceptable to managers or the 
public. A replicated study evaluating effects of predator removal without 
poisons found only small increases in nest success (Sargeant et al. 1995). 
However, in that study there were restrictions on the types of traps used and on 
trapper work schedules, and removal occurred on small (1 square mile, 260 ha) 
study sites. My major objective was to compare dabbling duck nest success 
and other indices of production between sites where mammalian predators 
were removed using conventional trapping methods during the breeding 
season, and sites where no trapping occurred.
3
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Although predation has a major impact on duck nest success, other 
factors such as duck species (Beauchamp et al. 1996), nest age (Klett and 
Johnson 1982), time of season (Klett and Johnson 1982) proximity to 
landscape features (Pasitscniak-Arts et al. 1998), and the presence of feces 
(Clark and Wobeser 1997, Olson and Rohwer 1998) may also play a role. All 
these factors may be related to the composition and size of the local predator 
community, which can vary dramatically, even over short distances (Sovada 
1995). Examining these factors in a situation where predators are 
experimentally manipulated can help assess their influence on nest success 
and the role that predation plays in influencing those effects.
Nest abandonment can affect duck reproduction, and it might vary with 
species, nest age, time of year (Armstrong and Robertson 1988, Forbes et al. 
1994), and possibly, predator activity in a given area. Researchers want to 
avoid causing ducks to abandon nests, and studying nest abandonment offers 
an opportunity for testing hypotheses about parental investment.
Numerous studies have examined duck nesting success, yet few have 
examined age-related, seasonal, or spatial patterns of mortality, nor have many 
examined nest abandonment rates. Why? All these analyses contain 
continuous predictor variables, whereas nest success has typically been 
calculated for a group of nests, or compared between groups of nests in 
different categories. The standard method for estimating nest success 
(Mayfield 1975, Johnson 1979) involves calculation of a daily survival rate 
based on the number of mortalities for a group of nests, and the total number of
4
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days those nests were under observation and exposed to predation. Raising 
the daily survival rate to a power equal to the number of days a typical female 
spends on laying and incubation gives the probability that a nest will survive 
from the first egg laid until hatch. The Mayfield method improves upon 
apparent nest success estimates that are calculated by dividing the number of 
hatching nests by the total number of nests found. Apparent nest success is 
biased low when one cannot account for nests destroyed before discovery 
(Lack 1954, Hammond and Forward 1956), which is typically the case with 
upland-nesting dabbling ducks.
Analyzing nest success data using continuous predictor variables means 
treating each nest as a data point, which in turn requires a substantial sample 
of nests (Neter et al 1996). Many researchers may have avoided such 
analyses for lack of an adequate sample size. A number of researchers stated 
they were unable to test for the effects of a categorical variable, duck species, 
due to low sample sizes (e. g., Sargeant et al. 1995, Sovada et al. 1995).
I had a sample of over 3,000 duck nests, so my secondary objectives 
were to explore methods for analyzing nest success with individual nests as 
data points (Pasitscniak-Arts et al. 1998) in logistic models (Neter et al 1996), 
to test hypotheses about factors affecting duck reproduction and how these 
factors interacted with experimental predator removal.
Testing for factors affecting nest abandonment was the simplest of the 
analyses. I only considered whether abandonment occurred immediately 
following the first nest visit, so the response variable was a simple yes or no,
5
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and predictor variables were continuous (e. g., time of season and nest age) or 
categorical (e. g., species and predator removal treatment). Logistic models 
containing continuous and categorical variables could be analyzed with 
categorical data analysis procedures (PROC CATMOD, SAS Institute 1990).
Testing for the effects of distance from landscape features on nest 
success was slightly more complex, because the number of days nests are 
exposed to predation affected the probability of surviving until hatch. For 
example, given the same daily survival rate, a nest found 2 days before hatch 
is more likely to hatch than one found 20 days before it is scheduled to hatch. 
Probability of survival to hatch declines with increasing length of exposure. 
Therefore when I examined the binomial probability of hatch or fail I needed to 
control for exposure period. To do this I used the number of days remaining 
from the date the nest was found until its projected hatch date (days until hatch 
when found) as a covariate in these models to account for potential differences 
in exposure.
Testing for effects of nest age, time of season and the presence of feces 
added more complexity to the model because the response variable was 
success or failure of the nest during the interval between nest checks, and 
predictor variables were date, age of the nest, and presence or absence of 
feces at the beginning of the interval. Check intervals for each nest were not 
independent, but treating them as repeated measures was not appropriate 
because if a nest failed it was essentially right-censored from the data set (T. 
Arnold, personal communication). Nonetheless, check intervals could be
6
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treated independently because the Mayfield method assumes constant survival
(O. Johnson, personal communication), and because I tested for deviations
from that assumption. Exposure days for each check interval were used as
covariates in these models to account for their effect on survival probability.
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EFFECTS OF MAMMALIAN PREDATOR REMOVAL ON PRODUCTION OF 
UPLAND-NESTING DUCKS IN NORTH DAKOTA
High nest predation severely curtails waterfowl production throughout 
much of the Prairie Pothole region (Klett et al. 1988, Sargeant and Raveling 
1992, Greenwood et al. 1995). Intensive cultivation has reduced nesting 
habitat so that remaining grassland patches are easier for predators to search 
(Cowardin et al. 1985, Greenwood et al. 1987, Klett et al 1988). Numbers of 
medium-sized predators such as striped skunk (Mephitis mephitis), red fox 
(Vulpes vulpes), and raccoon (Procyon lotor) have increased due to eradication 
or reduction of populations of large predators such as wolves (Canis lupus) and 
coyotes (C. latrans), intensification of agriculture, and increased numbers of 
trees on the prairies (Stoudt 1982, Cowardin et al. 1983, Sargeant et al. 1993).
In recent decades, management for breeding ducks in North America 
has focused on improving nest success, with overwhelming emphasis on 
upland habitat for dabbling duck nesting cover. Such efforts include planting 
dense grassland cover for nesting (Duebbert and Lokemoen 1976), fenced 
dense nesting cover (Lokemoen et al. 1982, Greenwood et al. 1990), nesting 
islands (Giroux 1981, Duebbert et al. 1983), and rotational grazing (Barker et 
al. 1990). In contrast, other management has focused on reducing nest loss 
through direct manipulation of predator populations. There is considerable 
evidence that these approaches produce only a moderate improvement in nest 
success at the scale of application typically dictated by wildlife funding (Clark 
and Nudds 1991, McKinnon and Duncan 1999).
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A complement to managing nesting cover is lethal removal of selected 
nest predators. Several studies have examined effects of lethal predator 
removal on duck nest success, but most used strychnine, which is no longer 
socially acceptable or legal (Balser et al. 1968, Lynch 1972, Deubbert and 
Kantrud 1974, Duebbert and Lokemoen 1980, Doty and Rondeau 1988). 
Recent studies where trapping was used to remove mammalian predators 
produced mixed results. Trapping on moderately sized (60-301 ha) blocks 
produced statistically significant but minor increases in nesting success 
(Sargeant et al. 1995). Trapping only skunks was ineffective in North Dakota 
(Greenwood 1986) but did produce increased nest success in Montana, on 
areas with a less diverse predator community (Forman 1990, Hall 1994).
My objective was to use a replicated, multi-year study to test the 
hypothesis that predator reduction without the use of poison can increase duck 
production. I compared nest success and other production indices of upland- 
nesting ducks on large (4,150 ha) trapped and untrapped areas. I also 
examined relationships between quantity of upland cover, prevalence of fox 
depredation, numbers of predators removed, and nest success of ducks. 
STUDY AREA AND METHODS
My study was conducted from 1994-1997 on 16, 42 km2-sites in Towner, 
Benson, Cavalier, Nelson, and Ramsey counties, north-central North Dakota. 
Annual precipitation was above average (National Weather Service 1998), and 
breeding pairs were 59-99% above the long-term average (Caithamer and 
Dubovsky 1995, 1997, Kelley et al. 1998) during my study. Most agricultural
12
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lands were planted in small grains, hay, pasture, or grassland enrolled in the 
Conservation Reserve Program (CRP). Based on observations and track 
surveys (Sargeant et al. 1993, Sovada et al 1995), red fox, raccoon, and skunk 
were abundant Badger (Taxidea taxus) were moderately common, and mink 
{Mustela vison) and coyotes were uncommon. Long-tailed weasel {M. frenata) 
and Franklin’s ground squirrel (Spermophilus franklinii) were present on some 
sites, but their their relative abundance was unknown. Raptors such as red­
tailed hawk (Buteo jamaicensis), Swainson’s hawk (Buteo swainsoni), and 
northern harrier (Circus cyaneus) were frequently observed, while corvids such 
as American crow (Corvus brachyryhnchos) and black-billed magpie {Pica pica) 
were rare.
I used National Wetlands Inventory maps and aerial surveys to pick 
sites containing >10% grassland (usually CRP) and high wetland densities. 
Potential sites were at least 8  km apart within years and were randomly 
assigned as either trapped or untrapped. Average percent grassland cover on 
trapped sites (24.8, range = 15-69) did not differ (7  = 0.899, d.f. = 7, P =
0.398) from that on untrapped sites (31.6, range -  10-41). On 3 occasions I 
could not obtain landowner permission to trap on > 90% of a trapped block, so I 
selected another site from the pool of potential sites. I had 1 experimental and 
1 control site in 1994, and 4 experimental and 4 control sites in both 1995 and 
1996. Sites were not reused between years, except that 1994 sites were 
reused and assigned to the same treatments in 1995.
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Predator Removal
Experienced trappers were hired to remove skunk, fox, raccoon, and 
mink from trapped sites during 1994-1996 using body-gripping traps, unpadded 
foothold traps, snares, and shooting. Removal began 14 March-11 April and 
ended 23-31 July; later starts in 1996 were due to adverse weather. Predators 
were dispatched and non-target species released when possible. Each trapper 
recorded the number and type of traps set and the number of hours spent 
trapping each day. I paid each trapper $18,000 for five months of trapping, 
plus a $1 ,0 0 0  bonus if apparent nest success on his site exceeded 50%, which 
always occurred.
Research was approved by the Louisiana State University Institutional 
Animal Care and Use Committee (#A96-11). Trapping on Waterfowl 
Production Areas was done under US Fish and Wildlife Service special use 
permits DLWSUP-95001 and DLWMD-96-001, and other research on WPAs 
under permits DLWMA-95010, and DLWMD-96-001. Use of snares in the 
springtime was allowed under North Dakota Game and Fish permits 3828 and 
3845.
Nest Searches
Crews of 2 people dragged chains between 2 tractors or all-terrain 
vehicles to locate nests by flushing the attending females (Klett et al. 1986). 
Nest sites were marked with a 3 mm orange rod at the nest bowl and a white 
wooden stake 1 0  m away. I recorded species, clutch size and incubation stage 
(Weller 1956) for each nest and revisited nests at 7-10 day intervals to
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determine fates (Klett et al. 1986). Nests were either successful (at least one 
egg hatched), abandoned, or destroyed by predators, farm machinery, 
investigators or weather.
Nest Success
I used the Mayfield method (Mayfield 1975, Johnson 1979) to calculate 
daily survival rates (DSRs) of nests. Nests were excluded from analyses in 
cases of investigator-caused destruction or abandonment. I excluded most 
Northern shoveler nests in 1995 because they were fenced to increase their 
hatch rate as part of a brood survival study (Zimmer 1996).
For each study site I calculated DSR for all dabbling ducks combined, 
and for mallards, gadwalls, blue-winged teal, and northern pintails separately. 
For easier interpretation I converted DSRs to nest success estimates (DSR36) 
and calculated 95% confidence intervals around estimates (Klett et al. 1986).
I used analysis of variance (ANOVA, PROC GLM, SAS Institute 1990) in 
a completely randomized design to test for differences in DSR for all species 
combined between trapped and untrapped sites, as well as effects of year and 
the year-treatment interaction. With 3-way ANOVAs, I tested for effects of 
treatment, year, species and all interactions. I also made two species 
comparisons: between mallards and blue-winged teal, and mallards and 
pintails combined vs. blue-winged teal and gadwall combined. I made these 
comparisons because mallard and pintail populations have been slower to 
recover than those of other dabbling duck species, and their nest success may 
be lower. The standard error of DSR decreases in proportion to the square
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root of the exposure days used in the calculation (Johnson 1979), so I weighted 
each DSR by the square root of exposure days used to calculate it in all 
ANOVAs.
For trapped sites, I used simple linear regression to test for a 
relationship between number of predators removed and DSR. I assessed the 
relationship between percent grassland cover, treatment and DSR using 
analysis of covariance (ANCOVA, PROC GLM, SAS Institute, 1990). Data from 
1994 sites were not included in any analyses, as these sites were reused in
1995.
Track Surveys
I used track surveys to index predator activity (Sargeant et al. 1993, 
Sovada et al. 1995). Each year I randomly selected 32 quarter sections (64 
ha) from each site and within each quarter I chose a 200m X 200m plot 
containing the best tracking substrate (usually mud or soft soil) and searched 
for predator tracks for a maximum of 15 minutes. Presence or absence of 
tracks was noted for each potential mammalian duck nest predator. I used 
ANOVA (PROC GLM, SAS Institute 1990) to compare predator activity on 
experimental and control sites, measured by the proportion of plots on each 
site containing tracks. I used logit-transformed data and tested for effects of 
year and treatment for each species.
Breeding Pair and Brood Counts
I counted breeding pairs and broods on 16 randomly selected quarter 
sections (64 ha) on each site. During pair counts, 2 observers walked each
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quarter and recorded species, pairing status, and numbers of ducks. Pair 
counts were conducted once during May from 0700-1200 (USFWS 1987), 
during the year of trapping and the year following trapping. Brood counts were 
conducted once during July during the year of trapping only. Observers walked 
quarter sections alone, recording species, number of ducklings, and age 
(Gollop and Marshall 1954) of each brood seen. Broods were counted during 
the 4-hours after sunrise or before sunset, when broods were most active. Pair 
and brood counts were suspended in heavy fog or rain, or when wind speed 
exceeded 40 km/hr (USFWS 1987).
I used brood counts for two analyses. First, I compared average brood 
size between trapped and untrapped sites using ANOVA with site nested within 
treatment as the error term. Second, I used brood numbers adjusted for pair 
numbers as an index of production. I used nested ANCOVA to compare 
numbers of broods between trapped and untrapped sites using pair numbers 
from that year as a covariate, quarter sections as repeated measures, and site 
nested within treatment as the error term (PROC GLM, SAS Institute 1990).
For this analysis, I pooled all dabbling duck (Anas) species.
I conducted a similar analysis with pair numbers in year 2  as the 
response variable and pair numbers in year 1 as the covariate. I performed 
this analysis on all dabbling ducks pooled, and separately for mallards, blue­
winged teal, gadwalls, and northern pintails.
I performed multivariate analysis of variance (MANOVA, PROC GLM, 
SAS Institute 1990,1992) on log-ratio transformed variables (Aebischer et al.
17
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1993) to test for differences in species composition of breeding pairs and nests 
between trapped and untrapped sites.
Depredated Nests
I attempted to identify the species that depredated each nest based on 
evidence left by predators at the nest (Sargeant et al. 1998). Foxes could be 
reliably identified from data at the nest because they typically remove all eggs, 
and leave no whole eggs or shell fragments, uncharacteristic of other nest 
predators on my sites (Sargeant et al. 1995, Sargeant et al. 1998).
Depredation data for nests containing > 6  eggs were analyzed by the Northern 
Prairie Nest File Center. I calculated percentages of total nests and 
depredated nests destroyed by foxes and used ANOVA (PROC GLM SAS 
Institute, Inc. 1990) to test for differences in fox depredation on trapped and 
untrapped sites.
RESULTS
A total of 2,404 predators were removed during the study (Table 1.1).
Of these, 2,320 (97%) were adults (> 9 months). Forty-one percent were 
raccoon, 30% skunk, 26% fox, 3% badger, and <1% other (mink = 3, weasel 
(likely long-tailed) -  3, Franklin’s ground squirrel = 2, and coyote = 2). Seventy 
percent (n = 436) of foxes were taken with snares, while 75% (n = 745) of 
raccoons and 63% of skunks (n = 441) were taken with body gripping traps, 
and 41% (n = 25) of badgers were taken with foothold traps.
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Table 1.1. Mammalian predators removed from trapped sites in North Dakota, 1994*1996.
Fox Raccoon Skunk Total1
Site
(Year)
<Mav M§y June July <Mav Mav June July <Mav May June Jyiy
1(1994) 82 17 15 3 70 16 2 0 10 23 14 8 4 291
1 (1995) 47 9 6 4 36 27 30 5 28 4 6 5 213
5(1995) 39 26 12 7 42 42 52 8 88 25 9 9 368
6(1995) 55 17 6 6 67 19 33 24 52 18 11 12 332
8(1995) 50 17 13 6 26 27 41 12 39 21 10 14 284
9(1996) 11 5 14 26 34 19 16 6 21 8 9 6 161 .
12 (1996) 2 12 9 8 15 28 22 6 16 19 7 8 365
13(1996) 30 9 12 5 74 15 35 10 67 49 21 24 213
15(1996) 17 9 19 5 59 17 22 5 22 15 10 6 177
Total 333 121 106 70 423 210 271 86 356 173 91 88 2,404
’includes badger, mink, weasel, and Franklin's ground squirrel.
Nest Success
Crews located 3,003 duck nests, including 2,706 (90%) that were 
suitable for analysis. Blue-winged teal comprised 50% of my sample, with 
mallards (24%) gadwall (11%), northern pintail (8 %), northern shoveler (5%), 
and other species (2%) making up the remainder. Species composition of 
nests did not differ between trapped and untrapped sites (Fs. i« = 2.01, P = 
0.130).
Average DSR was higher (Fit «  = 31.45, P < 0.001) on trapped sites 
(0.9774 + 0.0009 SE) than on untrapped sites (0.9499 + 0.0018 SE), but there 
were no year (Fi. 12  = 1.56, P  -  0.236) or year-treatment (Fi, i2 =  0.69, P -  
0.423) effects. Mayfield nest success was almost 3 times higher on trapped 
sites (45%) than on untrapped sites (17%, Table 1.2). Mayfield nest success 
ranged from 31-56% on experimental sites and 7-32% on control sites 
(Appendix 1).
In the ANOVA comparing the effects of trapping on mallards vs. blue­
winged teal nesting success, there were treatment effects (Fi. m = 67.15, P < 
0.001), differences between the 2 species (Fi.» = 4.84, P = 0.036), but not 
between years (F1t2* = 2.34, P = 0.137). In the comparison between mallards 
and pintails pooled vs. blue-winged teal and gadwall pooled, trapped and 
untrapped treatments (Fi.»  = 59.44, P < 0.001) and species groups (F1# M = 
5.36, P = 0.028) were different but the year effect was not (Fi. M = 2.64, P =
0.115). Blue-winged teal and gadwall had higher nest success than did 
mallards and pintails on trapped and untrapped sites (Table 1.2). In both
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Table 1 .2. Mayfield nest success of upland-nesting ducks on trapped and 
untrapped sites in North Dakota, 1994-1996.
Trapped Sites Untrapped Sites
Soecies % Success f95% Cl) N % Success f95%CI) N
Blue-winged teal 48(44-53) 734 17 (14-20) 615
Mallard 39(34-46) 418 14(10-20) 219
Gadwall 49 (40-59) 167 21 (15-30) 137
N. pintail 40(31-52) 133 14 (08-25) 80
N. shoveler 48(36-65) 75 16 (08-30) 49
All species1 45 (42-48) 1584 17(15-19) 1 1 2 2
'Includes green-winged teal (n = 6 6 ), unknown species (n = 22), American 
wigeon (n = 8 ), and upland nesting redheads (n = 15), lesser scaup (n =7), and 
ringnecked duck (n = 1 ).
21
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
models, all interactions were non-significant (F1>24 < 0.99, P > 0.33) and were 
dropped.
The relationship between grassland cover and DSR was stronger on 
untrapped sites (R2 -  0.33, P -  0.14) than on trapped sites (R2 = 0.002, P -  
0.927) but slopes did not differ (Fi, 12 -  1.33, P = 0.271, Figure 1.1). Foxes 
depredated a higher proportion of total nests on untrapped sites than on 
trapped sites (T = 2.38, d.f. -7 ,  P = 0.049), but the proportion of depredated 
nests taken by foxes did not differ between untrapped and trapped sites (T = 
0.215, d.f. -7 ,  P -  0.836). The proportion of depredated nests that were 
destroyed by fox was inversely related to DSR on untrapped sites (R2 = 0.60, P 
= 0.014) but not on trapped sites (R2= 0.002, P = 0.904), and these slopes 
differed (F,. ,< *  7.73, P = 0.015, Figure 1.2).
Predator Removal
Trappers spent an average of 7.4 (0.5 SE) hours per day attending 
traps, for a total of 945 hours/site. Trapped sites averaged 184 (13.5 SE) 
active sets per day, which included 92 (4.6 SE) body-gripping traps, 73 (11.5 
SE) snares, and 19 (2.4 SE) footholds.
In 1995, predator track counts (proportion of survey plots containing 
tracks) were higher on untrapped sites than on trapped sites for fox (Fi. 7 = 
18.65, P = 0.005) and skunk (F1<7 = 15.10, P = 0.008), but not raccoon (Fi,7 s 
1.48, P -  0.269). In 1996, track counts of fox (Fit 7 = 0.01, P -  0.922), skunk 
(Fi,7 *  0.4, P *  0.847), and raccoon (Fif7 *  1.34, P *  0.275) did not differ 
between trapped and untrapped sites. DSR was positively correlated with total
22
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Figure 1.2. Proportion of depredated nests taken by fox, and daily survival rates of upland duck nests 
in North Dakota, 1994-1996.
numbers of predators removed from trapped sites (R2 = 0.88, P  < 0.001), as 
well as with skunks (R2 = 0.54, P = 0.024), and raccoons (R2 = 0.79, P =
0.001), with a weaker relationship between DSR and fox (R2 = 0.42, P = 0.056). 
Breeding Pair and Brood Counts
The number of broods adjusted for breeding pairs did not differ between 
trapped (Is mean = 4.64 + 0.4 SE) and untrapped (Is mean = 3.00 + 0.4 SE) 
sites (Fi. 14 = 0.34, P = 0.569). Average brood size did not differ (Fi. i4 = 0.44, P 
= 0.516) between trapped (Is mean = 6.4 + 0.23 SE) and untrapped (Is mean = 
5.90 + 0.20 SE) sites.
Year 2 pair counts adjusted for year 1 pair counts tended to be higher on 
trapped sites (Is mean = 3.20) than on untrapped sites (Is mean = 2.65) for all 
dabblers combined (Fi. 14 -  4.48, P = 0.053), likely due to differences for blue­
winged teal (Is means = 2.14 vs. 1.47, Fi. i4 = 4.58, P = 0.050), and mallards (Is 
mean *  1.66 vs. 0.86, F i.i4 = 3.21, P= 0.095), as gadwall (Is mean *1 .15 vs. 
0.64, Fi. i4 = 1.74, P = 0.209), northern pintail (Is mean = 0.312 vs.-0.12, Fi. i4 = 
1.12, P = 0.308), and northern shoveler (Is mean = 0.53 vs. -0.13, F i.i4 = 2.15, 
P = 0.165) were not different. Species composition of breeding dabbling duck 
pairs did not differ between trapped and untrapped sites (F2.» = 0.027, P = 
0.974).
DISCUSSION 
Nest Success
Dramatically higher nest success on trapped sites was somewhat 
surprising in light of past studies. Many researchers found duck nest success
25
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increased in response to predator removal (Balser 1968, Duebbert and Kantrud 
1974, Duebbert and Lokemoen 1980), but used poison to remove predators. A 
well-replicated study conducted on grassland sites that averaged 142 ha found 
only a modest increase in nesting success in response to predator removal 
without poison (Sargeant et al. 1995). Predator removal was probably more 
effective in my study due to larger study sites, flexible work schedules and 
financial incentives for trappers, and the use of trapping methods not uniformly 
permitted in the Sargeant et al. (1995) study.
Although nest success estimates were based on samples from all parts 
of each site, the large study sites may have permitted trappers to keep inner 
core areas relatively predator free. Sargeant et al. (1995) worked on relatively 
small sites, perhaps allowing predators to access all parts of sites before 
capture. Trappers in the Sargeant et al. (1995) study were limited to 8 -hour 
work days, and spent some of that time traveling between multiple sites. 
Trappers in this study worked on one site (except in 1996, when they trapped a 
1 .6  km2 area nearby), and although they averaged less than 8  hours per day on 
site, at times they stayed as long as 1 2  hours, especially early in the season, 
and typically worked 7 days a week. A financial incentive paid if apparent nest 
success exceeded 50% (an expectation based on 1994 pilot year results) 
encouraged trappers to maintain a high trapping intensity, especially as the 
probability of catching predators decreased after sites were initially "trapped 
out."
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Trappers in my study were permitted to use snares and unpadded 
foothold traps, which were not permitted on most sites in the Sargeant et al.
(1995) study. Snare use was particularly important, as they accounted for 70% 
of foxes caught, whereas foothold traps accounted for less than 2 0 % of all 
predator captures except badgers (40%). Lower numbers of foxes caught in 
1996 may have been due to an outbreak of mange in foxes that year.
My findings agree with other studies suggesting fox depredation is an 
important limitation on nest success of dabbling ducks (Duebbert and 
Lokemoen 1976, Higgins 1977, Sargeant et al. 1984, Klett et ai. 1988). On 
untrapped sites, the proportion of depredated nests taken by fox were inversely 
related to DSR, but this relationship did not hold for trapped sites.
My findings also suggest that success of upland duck nests may be 
related to the amount of grassland cover (Greenwood et al. 1987, Ball 1996). 
Daily survival rates on my untrapped sites tended to increase with percent 
cover, though the strength of this relationship depends heavily on one site with 
69% cover. On trapped sites there was no relationship between cover and 
nest success. However, it is not clear whether predator removal would work as 
well on unimproved habitat as on areas with grassland cover, as the trapped 
site with the least cover still had almost 10%, a figure considered a "medium" 
grassland treatment level in prairie Canada for areas managed under the North 
American Waterfowl Management Plan. Evaluating performance of large-scale 
predator removal on intensively cultivated habitat is certainly a logical direction 
for future research.
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Survival to Fledge and Recruitment
There are at least two possibilities concerning the effects of predator 
removal on survival to fledge and recruitment to the breeding population. 
Predator removal could increase duckling survival to fledge and therefore 
further increase duck production. Alternatively, duckling survival rates could be 
reduced if increased brood density on trapped sites led to increased 
abundance of predators or caused prey switching by predators so they 
selectively preyed on ducklings. A study of northern shovelers conducted in 
1995 found a trend toward higher survival to fledge on trapped sites than on 
untrapped sites, but the difference was not statistically significant (Garrettson 
et al. 1996, Zimmer 1996). Using broods adjusted for breeding pairs as an 
index of production, I cannot separate effects of nest success and brood 
survival. Although I found a weak trend toward higher brood counts on trapped 
sites, average brood size did not differ between trapped and untrapped sites. 
Predator removal is at most only weakly beneficial for brood survival.
The trend toward increased numbers of mallards, blue-winged teal and 
all dabblers combined the year following trapping suggests that predator 
removal may increase local numbers of some species. This increase could be 
due to elevated duckling production causing elevated natal philopatry 
(Lokemoen et al. 1990, Anderson et al. 1992, Anderson et al. 1997), increased 
survival of breeding hens (Sargeant et al. 1984, Anderson et al. 1997), or 
increased philopatry of breeding females, as successful hens are more likely to 
home (Lokemoen et al. 1990). Increased breeding pair density would make
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repeated trapping of a site more cost effective as long as there were not 
density-dependent increases in nest or brood loss. I have little information 
about the long-term effects of trapping because only site 1 (Appendix) was 
trapped for more than one year. Approximately the same number of predators 
were taken in year 2  as in year 1 on the site trapped in successive years, and 
nest success on that site declined slightly the second year. I doubt there would 
be any “carryover* effect on nest success the year following trapping, so 
continued trapping would surely be necessary to maintain an effect on nest 
success. Long term effects of trapping on nest success and small mammal 
populations are potential areas for further research.
Blue-winged teal and gadwall populations have increased more in recent 
years than have mallards and northern pintails (Kelley et al. 1998) and, 
consistent with Beauchamp et al. (1996), I found higher nest success for blue­
winged teal and gadwall relative to mallards and pintails, on trapped and 
untrapped sites. Apparently, blue-winged teal and gadwall are better able to 
evade predators even when predator activity is reduced.
MANAGEMENT IMPLICATIONS 
Applications of Predator Removal
Predator removal would be most effectively applied over large areas with 
high wetland densities and upland cover to attract breeding ducks (Fischer 
1998), and in areas where the use of snares and foothold traps are permitted. 
The annual nature of predator removal allows for flexibility lacking in most 
habitat management (Garrettson et al. 1996). Predator removal could be
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directed to areas with high spring pond numbers and breeding pairs, and 
forgone in drought years. Predator removal would be best conducted where 
potential duck production is high, but where nest success is low due to 
depredation.
Nest success tends to increase from east to west in the Prairie Pothole 
region (Sargeant et al. 1993) and on areas where coyotes, rather than red fox, 
are the dominant canid (Sovada et al. 1995). Coyotes were rare on my sites, 
but higher numbers might have increased nest success on untrapped sites 
(Sovada et al. 1995), and reduced the differences in nest success between 
trapped and untrapped sites. Corvids and mink were also rare on my study 
sites, but an abundance of these species might make predator removal efforts 
less successful at increasing nest success.
Evaluating the efficacy of predator removal management is difficult, 
because nest success is the obvious measure, but finding nests and 
determining success is expensive. Daily survival rates on my trapped sites 
were positively correlated with numbers of predators removed, yet without an a 
priori measure of predator abundance on the site it would be difficult to 
determine the amount of trapping that would constitute “effective” removal. 
Track counts are one potential independent index of predator activity (Sargeant 
et al. 1993, Sovada et al. 1995), but I did not find significant differences 
between trapped and untrapped sites for some predators. I believe differences 
between trapped and untrapped sites would be more pronounced than 
comparisons of “well-trapped* and ‘poorly trapped” sites.
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Although critics have portrayed predator removal vs. habitat 
management as an either/or proposition, I think this is a false dichotomy. My 
results suggest a positive trend between cover and nest success on untrapped 
sites. Even though predator removal can be highly effective management for 
breeding ducks, it can be practically applied only over a relatively small 
proportion of the landscape. Predator removal may be most effective where 
habitat management has attracted high duck densities, but where nest success 
remains low due to high predation.
Public Acceptance
I have shown that removing predators by trapping can increase duck 
production. However, public acceptance of spring trapping is a key issue to be 
examined. Prior surveys of the US public suggest that a majority disapprove of 
trapping unless it is done for animal damage or population control, or as part of 
a biological study (Duda and Young 1998). Spring trapping to benefit a hunted 
species might be especially controversial, because trapping receives less 
support when it leads to orphaned young (Duda and Case 1996, Duda and 
Young 1998). Favorable attitudes toward hunting and trapping are more 
prevalent in rural areas (Kellert 1985, Duda and Young 1998), and landowners 
on my study sites were no exception. Few landowners who refused permission 
for trapping expressed philosophical discomfort with trapping; rather, most 
feared increases in duck populations would cause crop depredation, or they 
had friends or relatives who liked to trap. A few landowners feared increased 
rodent populations if predators were removed. Most opposition to my study
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was based on enmity between landowners and governmental wildlife agencies.
Despite initial suspicion, I typically got good cooperation from landowners.
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FACTORS INFLUENCING NEST ABANDONMENT BY 
NORTH AMERICAN DABBLING DUCKS
Nest abandonment by birds is of theoretical and practical interest 
Studying nest abandonment provides insight into hypotheses about parental 
investment and helps managers develop strategies to avoid disturbing 
vulnerable species.
Trivers (1972) defined parental investment as any effort that increases 
the offspring’s chance of surviving at the cost of a parent’s ability to invest in 
other offspring. Subsequent work suggested that continued investment in an 
offspring was contingent on the amount of investment to that point, but Boucher 
(1976) and Dawkins and Carlisle (1976) argued that continued investment 
should be based on future expectations rather than past expenditure. Past 
investment and future expectations are usually confounded, but experimental 
manipulations that separate these effects suggest that parental investment 
depends on future expectations (Robertson and Biermann 1979, Armstrong 
and Robertson 1988, but see Weatherhead 1982). Here I evaluated the effects 
of species, nest age and nest initiation date on abandonment rates by dabbling 
ducks (Anas spp.). I also compared nest abandonment rates in areas of high 
and low predator activity.
Quantification of nest abandonment offers an opportunity to test several 
predictions about parental investment that apply to all birds. Ducks provide a 
good means for testing such hypotheses, because, unlike other birds, major 
duck nest predators and their behaviors are well known, and there is some
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data on the probability of renesting for various duck species. North American 
dabbling ducks typically nest on the ground, only the female attends the nest, 
and both the nest and female are subject to depredation (Johnson and 
Sargeant 1977, Sargeant et al. 1984). Nesting females’ predator avoidance 
strategy is to remain motionless on the nest to avoid detection. Remaining on 
the nest while a predator moves past in close proximity may save the nest, but 
exposes the female to mortality (Sargeant et al. 1984). Flushing attracts the 
visual and auditory attention of predators and creates scent cues that make the 
nest easier to locate. Some predators can remember nests, so an initial flush 
may mean an elevated risk of future predation, even if the nest is not 
immediately located. Returning to the nest after a flush can be viewed as a 
trade-off between the potential costs to the female and the benefits of 
continued investment in the clutch. Presumably, some nests from which 
females are flushed are not immediately depredated or females would never 
return; conversely, there must be some cost in returning, even to an intact nest, 
or females would always return.
Continuing a nest attempt after being flushed exposes female and nest 
to elevated predation risks, but if the nest is successful, the female will be able 
to molt and migrate earlier than if she had renested, and offspring from the 
continued nest would hatch earlier than those from any subsequent renests, 
and thus have higher fledging (Orhmeyer and Ball 1990, Rotella and Ratti 
1992, Dzus and Clark 1998), and more importantly, post-fledging survival 
(Rohwer 1992). In addition, a female who continues a nest that is successful
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does not incur the energetic costs of laying and incubating a replacement 
clutch. Of course, if the female continues the nest and it fails, renest attempts 
will occur even later than if she had renested immediately, and if the nest is 
well into incubation, she may not renest at all (Strohmeyer 1967).
Thus, nest abandonment rates should be higher for species with high 
potential for renesting and a low annual mortality rate (Kremmetz et al. 1989), 
both indicators of future reproductive potential. Renesting potential decreases 
with nest initiation date (Strohmeyer 1967) and the age (clutch size + days 
incubation) of the nest when it is destroyed (Gates 1962, Strohmeyer 1967) so 
abandonment rates should decrease as nest age increases. The expected 
relationship between nest initiation date and abandonment is not so 
straightforward. As the season progresses females should be less likely to 
abandon because there is less time available for renesting. Conversely, 
females may be more likely to abandon late season nests and forgo breeding 
altogether because the value of late-season clutches is lower (Weatherhead 
1989). Later-hatching nests are less likely to produce young that survive to 
fledge (Orthmeyer and Ball 1990, Rotella and Ratti 1992, Dzus and Clark 
1998), or more importantly, to recruit to the breeding population (reviewed in 
Rohwer 1992).
Nest abandonment rates may vary in relation to females’ assessments of 
local predator densities, assuming females can assess the density of nest 
predators. If females can detect and do respond to predator density, one 
would expect higher abandonment rates in areas with greater predator activity.
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To test these ideas I examined abandonment rates on areas where nest 
predators were removed and their abundance greatly decreased, and on areas 
where predators were unmanipulated.
Relatively few studies have attempted to test parental investment 
hypotheses by comparing inter- and intraspecific patterns of nest abandonment 
in waterfowl. Armstrong and Robertson (1988) manipulated clutch sizes of 
blue-winged teal (Anas discors) and northern shovelers (Anas clypeata) to test 
whether females abandoned nests based on past investment or current clutch 
value (future expectations). Forbes et al. (1994) found that flushing distances 
of nesting female dabbling ducks decreased with increasing nest stage, but not 
time of season. They also suggested that nest abandonment rates varied 
among the five species tested, but differences between species-specific 
abandonment rates were not tested statistically, presumably due to insufficient 
sample size. Arnold et al. (1995) did not find an influence of nest initiation date 
on abandonment rates of canvasbacks (Aythya valisineria) and redheads (A. 
americana). Sample sizes in my study are much larger than those in prior work 
on nest abandonment by ducks, and I am the first to examine the influence of 
predator activity on nest abandonment.
STUDY AREA AND METHODS
The study was conducted from 1994 through 1996 in north-central North 
Dakota, on 19 study sites. Most sites were 41 km2 each (3 were 6.4 km2), and 
were comprised of cropland or grassland, most of which was enrolled in the 
Conservation Reserve Program (CRP). All sites contained abundant wetlands
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and were randomly assigned as either trapped or untrapped. On trapped sites, 
experienced trappers removed predators from late March until the end of July 
each year (Garrettson et al. 1996). There were 4 treatment and 4 control sites 
each year in 1995 and 1996, one treatment and one control in 1994, and 3 
additional 6.4 km2 trapped sites in 1996. New sites were picked each year, 
except that the 2 1994 sites were reused in 1995. To assess predator activity I 
measured nest success and indexed predator activity using track counts 
(Sovada et al 1995).
I found upland duck nests by dragging a chain between two tractors or 
all-terrain vehicles (Klett et al. 1986). Clutch size and incubation stage were 
recorded (Weller 1957) on each nest visit Nests were revisited every 7-14 
days until a fate (abandoned, hatched or destroyed) was determined. Nests for 
which no fate was determined were excluded from the analyses. I grouped all 
nests for which a fate was determined into two categories: those abandoned 
after the first visit due to investigator disturbance, and all other fates and 
causes. I assumed that nest abandonment was due to investigator disturbance 
if additional eggs had not been laid, or if incubation had not progressed 
immediately following a nest visit. To assist in determining whether females 
returned to nests I crossed two small sticks over the nest bowl and thus knew 
the female had returned to a nest if the sticks were disturbed. For this study, I 
considered only the fate of the nest immediately following the first visit to avoid 
confounding the likelihood of abandonment by the number of times a nest was 
visited. The vast majority of abandonment due to investigators occurred
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immediately after the first visit. I categorized abandonment due to unknown 
reasons (i.e. abandonment did not occur immediately following a nest visit) in 
the all other fates category.
I used maximum-likelihood logistic regression (PROC CATMOD, SAS 
Institute 1990) to test for effects of species (mallard, gadwall (Anas strepera), 
blue-winged teal, Northern pintail (Anas acuta), and northern shoveier) 
treatment (trapped vs. untrapped), nest age (clutch size + incubation stage) 
when found, and nest initiation date on nest abandonment rates. The first two 
variables are categorical, whereas the last two are continuous. Including nest 
age and nest initiation date in the model allowed me to account for their 
potentially confounding effects. Initially I ran models that included all two-way 
interactions, but dropped non-significant terms and their interactions to form 
progressively simpler models. If reduced models contained only continuous 
predictor variables, I then developed models in PROC LOGISTIC (SAS 
Institute 1990). If species or nest age was significant in the reduced model, I 
ran a series of two-way contingency tables (PROC FREQ, SAS Institute) to 
determine differences among variables. For this analysis I categorized nest 
age as: early lay (< 5 eggs), late lay (> 6  eggs), and incubation. For ease of 
interpretation, I also report abandonment rates by nest age, species, and 10- 
day initiation day intervals.
RESULTS
A total of 3,348 upland duck nests were found. Of these, 2,944 were 
suitable for analyses; no fate was determined for the remainder. Blue-winged
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teal (n = 1503) were the most common, followed by mallards (n = 6 8 6 ), gadwall 
(n = 341), Northern pintails (n = 251) and Northern shovelers (n = 163).
Species {%2 = 11.01, d. f. = 1, P = 0.027), the species-nest age 
interaction (%2 = 20.74, d. f. = 1, P < 0.001), and the species-initiation date 
interaction (x2 = 8.95, d. f. = 1, P = 0.0624) were related to nest abandonment 
rates, so further analyses were done separately by species. Treatment 
(trapped vs. untrapped) and its interactions were not related to abandonment 
rates of any species except gadwall (Table 2.1), which showed differences 
between treatments (x2 =10.42, d. f. *  1, P *  0.001), and for the species-age 
interaction (x2 = 6.04, d. f. = 1 , P = 0.014). Gadwall abandonment decreased 
from early through late laying on trapped and untrapped sites, but increased on 
untrapped sites during incubation. For other species, reduced models (with 
treatment and its interactions dropped) yielded similar results, so I reported 
results from the full model (Table 2.1).
Nest abandonment rates differed significantly among species (Table 
2 .2 ), which largely reflected differences between mallards and other species. 
Mallards had higher abandonment than did gadwalls (%2 = 6.25, d.f. = 1, P=  
0.012), blue-winged teal (*2  = 6.28, d.f. = 1, P = 0.012), and northern pintails 
(z2 =7.52, d.f. = 1. P -  0.006), all of which did not differ (*2 < 2.29, d.f. = 1 , P > 
0.130) in abandonment rates. I could not detect a difference between 
abandonment rates of northern shovelers and mallards (z2 = 2.59, d.f. = 1, P  = 
0.108), because shoveler sample sizes were low.
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Table 2.1. Sources of variation in nest abandonment rates of 5 dabbling duck (Anas) species. Analyses were 
based on logistic regression. Results are presented for the full model.
Nest Initiation Nest Aoe1 Treatment Initiation X Treat Nest Aae X
Soecies x! P x! P X? P £ P £ P
Mallard 0.55 0.457 40.95 <0.001 0.42 0.518 0.44 0.509 0 .22 0.643
BW Teal 5.61 0.018 28.54 <0.001 1.63 0 .2 0 2 1.57 0 .2 1 0 0.49 0.482
Gadwall 0.16 0.689 0 .0 0 0.947 10.42 0.001 0.47 0.492 6.04 0.614
Shoveler 3.26 0.071 6 .0 0 0.014 2.95 0.086 2 .8 6 0.091 1.88 0.171
Pintail 0.45 0.503 11.67 0.006 1.32 0.251 1.15 0.284 0.35 0.554
’Number of eggs + days incubated when found.
Abandonment rates were at least twice as high during early laying as during 
late laying for all species (Table 2.2). Nest abandonment varied with nest 
initiation date of blue-winged teal, but for not any other species (Table 2.1). 
Blue-winged teal abandoned at higher rates as the breeding season 
progressed, with a sharp increase for nests initiated in late June (Figure 2.1). 
DISCUSSION
Investment in a clutch of eggs should be a tradeoff between the current 
value of that clutch and future opportunities for rearing other clutches.
Mallards abandoned nests significantly more frequently than did blue-winged 
teal, gadwall or northern pintails. This is expected because mallards have 
greater opportunities for future reproduction, which is a function of renesting 
potential and next season breeding potential (essentially annual survival). 
Mallards are prolific renesters; Rotella et al (1993) found that 81% of mallards 
renested, and made up to 6  nest attempts per season. By contrast, most 
northern pintails renest, but typically only once per female (K. Richkus, 
personal communication, 1999), and blue-winged teal renest only 33% of the 
time (Strohmeyer 1967). Mallards apparently employ a strategy of abandoning 
readily and renesting. Species that do not renest as readily as mallards should 
be less likely to abandon nests because their options following nest loss are 
more limited. For blue-winged teal, options are particularly limited. In addition 
to their low propensity for renesting they have slightly higher mortality rates 
than do mallards (Bellrose 1980, Kremmetz 1989), making investment in a 
current clutch a relatively better option by comparison. Information on
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Table 2.2. Nest abandonment by 5 dabbling duck (Anas) species relative to nest stage.
Nest Staae
Earlv Lav1 Late Lav2 Incubation
Sbecies9 % Abandoned N % Abandoned N % Abandoned N
BW Teal* 15.0 353 4.3 627 3.3 523
GadwallA 17.7 51 3.7 134 1.9 156
Mallard* 30.8 133 7.2 250 2 .0 303
N. Shoveler** 17.9 28 4.6 6 6 1.5 69
N. PintailA 2 0 .0 40 3.1 64 0 .0 147
’Early lay < 5 eggs.
2Late lay > 6 eggs.
3Species with different letters within columns had different (P< 0.05) overall abandonment rates.
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Figure 2.1. Effects of date on abandonment rates of dabbling ducks in North Dakota, 1994-96.
renesting by northern shovelers and gadwalls is limited, but it appears they 
renest more often than pintails and blue-winged teal. It is therefore surprising 
that shovelers and gadwall do not abandon nests more frequently. However, 
annual survival rates are estimated based on band returns for hunted 
populations of ducks, and nest abandonment patterns are likely traits that 
evolved in the absence of modem hunting pressure, so speculation on species 
differences should be viewed with caution.
The only other cross-species comparison of dabbling duck nest 
abandonment rates found high abandonment for mallards, moderate rates for 
gadwall and widgeon, and relatively low abandonment rates for blue-winged 
teal and Northern shovelers (Forbes et al. 1996), though their sample sizes 
were low. The results of this study and those of Forbes et al. (1996) were 
consistent with the hypothesis that nest abandonment increases with increased 
potential for future reproduction. Numerous studies have examined nesting 
success, yet little has been published on nest abandonment rates. Analysis of 
available nest success data would be relatively straightforward and larger 
sample sizes for northern pintails, northern shovelers and gadwall would 
provide a more thorough test for species differences in nest abandonment, as 
well as relationships between nest age, nest initiation date and abandonment.
It is not surprising that abandonment rates decline the older the nest is 
when initially discovered. Armstrong and Robertson (1988) and Forbes et al.
(1994) found similar results. If a nest is destroyed early in laying, females 
sometimes lay continuation nests, in which an egg is laid in a new nest site the
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day following nest destruction (Bluhm 1992). As laying and incubation 
progress, renesting becomes more costly; females’ follicles regress and 
development of a new set is necessary before they are physiologically capable 
of resuming egg laying (Bluhm 1992). For mallards this takes approximately 6  
days (Donham et al. 1976). The additional 7-10 days required when 
continuation nests are not possible (after egg 7 or 8 ) is a likely explanation for 
the sharp drop in abandonment rates between earfy and late laying.
Blue-winged teal were the only species in which nest initiation date 
affected abandonment rates, and their tendency to abandon nests more 
frequently later in the season is contrary to the pattern expected if females 
abandon nests based on future reproductive potential. However, blue-winged 
teal nest relatively late and very late nests may have low value (Weatherhead 
1989) due to decreased brood survival (Orthmeyer and Ball 1990, Rotella and 
Ratti 1992, Dzus and Clark 1998) and decreased post-fledging survival 
(Rohwer 1992) of late-hatching young. Blue-winged teal also migrate the 
earliest and the farthest of the species I studied, and perhaps can least afford 
the costs of later molt and poor condition for migration that late breeding 
imposes.
Female age and the number of nests already laid in a given season are 
two other factors that might affect seasonal variation in abandonment rates, but 
I cannot address these factors because I have no information on age or nesting 
history for any females in this study. Nests laid later in the season are more 
likely to be renests, and females who have invested in a previous nest should
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be less capable of attempting a future one and thus less likely to abandon the 
current nest attempt. Lower clutch value and reduced renesting potential late 
in the season are potentially confounding effects that might cancel each other 
out and provide an explanation for the lack of a seasonal effect on nest 
abandonment
Life history theory predicts that older females would abandon nests less 
often than younger females because older females have fewer opportunities for 
future reproduction. However, senescence has been demonstrated for few 
birds (Johnson 1992) and even then only in the oldest age classes (Loery et al. 
1987, Parkin and White-Robinson 1985). Older females tend to nest earlier 
than do younger females, (reviewed in Rohwer 1992) so my finding of no 
seasonal pattern of abandonment rates for 4 of the 5 species I studied might 
suggest that female age does not affect abandonment rates.
If birds tend to lose their fear of observers, increased defense of older 
nests could be a consequence of repeated visits to the nest rather than the 
increased reproductive value of the nest (Knight and Temple 1986). However,
I considered the fate of the nest after the first visit only, so my results are not 
confounded by number of nest visits. My results agree with those of Westneat 
(1989) and Forbes et al. (1994), who found increased nest defense with 
increased nest age or stage, even when controlled for number of visits.
Intensive removal of mammalian predators did not affect abandonment 
rates, yet nest success was more than twice as high on trapped as on 
untrapped sites (Garrettson et al. 1996) and the proportion of nests destroyed
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by foxes, the major predator of females attending nests (Sargeant et al. 1984), 
was significantly higher on untrapped sites than on trapped sites (Garrettson, 
unpublished data). Differences in predator activity were shown by track counts 
(Garrettson 1996) and direct observation (Garrettson, unpublished data).
Either female ducks cannot detect levels of predator activity, or they do not 
alter abandonment rates in relation to predator abundance. However, dabbling 
duck flushing distances increase with repeated nest visits (Forbes et al. 1994), 
suggesting that females take fewer risks as disturbance increases. However, 
human investigators may repeatedly flush females without destroying nests, 
while nests from which females are repeatedly flushed by mammalian 
predators would likely be destroyed at some point.
MANAGEMENT IMPLICATIONS
My findings suggest practical guidelines for research and management. 
To avoid causing nest abandonment, researchers should avoid disturbing early 
laying females, which attend nests early in the morning (Gloutney et al. 1993, 
Loos 1999). Mallards make particularly poor research subjects if protocols 
require disturbing early laying females. Managers might assume that allowing 
disturbances late rather than early in the season reduces the risk of nest 
abandonment That should be true because more females should be 
incubating later in the season. But when nest initiation date is corrected for 
nest age, disturbing females later in the season had no influence on 
abandonment rates of most duck species I studied, and for blue-winged teal, ft 
increased them.
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LANDSCAPE FEATURES, PREDATOR REMOVAL, AND DUCK NEST
SUCCESS ON CONSERVATION RESERVE PROGRAM LAND IN
NORTH DAKOTA
Duck nest success in the North American prairie pothole region is highly 
variable (Greenwood et al 1995) due to differences in geography (Greenwood 
et al. 1995) the composition of the predator community (Sovada et al. 1995), 
and proportion of the landscape in grassland cover (Greenwood et al. 1995, R. 
Reynolds, personal communication). Nest success is often quite low, as 
human-caused irradication or reduction of large predators such as wolves 
(Canis lupus) and coyotes (Canis latrans) favors communities dominated by 
medium-sized predators such as fox (Vulpes vulpes), striped skunk (Mephitis 
mephitis) and raccoon (Procyon lotor). Intensive agriculture likely causes 
higher nest depredation directly, as fragmented habitat probably is easier for 
predators to search (Cowardin et al. 1983, Greenwood et al. 1987, Klett et al.
1988). Agriculture may also increase nest depredation rates by elevating 
predator populations because waste grain probably provides winter food 
(Stoudt 1982) and buildings abandoned when farms were consolidated provide 
hibernation and sheltered den sites (Cowardin et al. 1983, Lariviere and 
Messier 1998a, Lariviere et al. 1999).
Proximity to anthropogenic or natural landscape features could influence 
the probability of nest survival. Nests close to edges where grassland cover 
meets crop fields or roads could be less successful, especially if predators use 
edges as travel lanes (Bider 1968) or preferred foraging sites (Johnston and 
Odum 1956, Gates and Gysel 1978). Skunks (Lariviere and Messier 1998b)
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and raccoons forage extensively along wetlands, so nests closer to wetland 
edges might also be more vulnerable to depredation. Proximity to abandoned 
buildings might increase the probability of depredation due to increased 
predator activity near buildings used as den sites (Lariviere and Messier 
1998b).
Numerous studies, most on forest songbirds, have examined effects of 
habitat edge on nest depredation, and the majority found lower nest success 
closer to edge (reviewed in Patton et al 1994, but see Yahner and Wright 1985, 
Vickery et al. 1992). In grasslands, Clawson and Rotella (1998) found no 
relationship between distance to nearest field edge and songbird nest success 
on grassland planted as part of the Conservation Reserve Program (CRP) in 
Montana, nor did they find an effect of field size. Conversely, Burger et al.
(1994) and Johnson and Temple (1990) found lower nest success in smaller 
grassland fragments. However these studies focused on passerines, and the 
first two used artificial nests, the validity of which has been questioned for 
simulated nests of songbirds (Roper et al. 1992, Haskell 1995) and ducks 
(Guyn and Clark 1998). Studies of actual duck nests found little or no effect of 
distance to habitat or wetland edge on nest success (Pasitschniak-Arts 1998, 
Clark and Shuttler 1999), but those authors called for further studies with larger 
samples of nests on areas with large contiguous patches of grassland. Olson
(1995) found reduced nest succcess closer to grassland-crop edge, but this 
study compared success of simulated duck nests in crop fields at only two 
distances from habitat edge.
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Although managers occasionally suggest destroying abandoned 
buildings that may serve as predator denning sites, to date no studies have 
examined their influence on duck nest success. In some parts of the prairie 
pothole region, there are more abandoned farmsteads than active farms 
(Garrettson, unpublished data), and most active farmsteads also contain 
numerous potential denning sites. My objectives were to test whether proximity 
to wetlands, habitat edges and abandoned buildings influenced duck nest 
success. I conducted this work as part of a study on the effects of lethal 
removal of mammalian predators on duck nest success (Garrettson et al.
1996), so I was able to examine effects of landscape features on large sites 
(4,150 ha) where predator activity was reduced and average duck nest success 
was high (45%), compared to untrapped sites which had relatively low (17%) 
nest success. This allowed me to test for interactions between distance to 
landscape features and treatment. Though nest success on trapped sites was 
dramatically higher than untrapped controls (Chapter 1), a similar study by 
Sargeant et al. (1995) did not find substantially increased nest success on 
relatively small trapped sites (142 ha), perhaps due to predators dispersing 
rapidly onto the site and affecting nest success before capture. Thus, I also 
tested whether nest success on trapped sites was higher near the center of 
trapped sites than on outer areas more exposed to dispersing predators. 
STUDY AREA AND METHODS
My study was conducted during 1996-97 on 8  42-km2 sites in Towner, 
Benson, Nelson, and Ramsey counties, north-central North Dakota. Most
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agricultural lands were in small grains, hay, pasture, or grassland enrolled in 
the Conservation Reserve Program (CRP). Based on observations and track 
surveys (Sargeant et al. 1993, Sovada et al. 1995), some mammalian 
predators were abundant, including red fox, raccoon, and skunk. Badger 
(Taxidea taxus) were moderately common, while mink (Mustela vison) and 
coyotes were uncommon. Long-tailed weasel (M. frenata) and Franklin’s 
ground squirrel (Spermophilus franklinii) were present on some sites. Raptors 
such as red-tailed hawk (Buteo jamaicensis), Swainson’s hawk (Buteo 
swainsoni), and northern harrier (Circus cyaneus) were frequently observed, 
while corvids such as American crow (Corvus brachyryhnchos) and black-billed 
magpie (Pica pica) were rare.
Sites were randomly assigned as trapped or untrapped. Average 
percent grassland cover on trapped sites (24.8, range = 15-69) did not differ (7  
= 0.899, d.f. = 7, P = 0.398) from that on untrapped sites (31.6, range = IQ- 
41). I had 4 experimental and 4 control sites. Experienced trappers removed 
skunk, fox, raccoon, and mink from trapped sites during 1996 using body- 
gripping traps, unpadded foothold traps, snares, and shooting. Predators were 
dispatched and non-target species released when possible. Research was 
approved by the Louisiana State University Institutional Animal Care and Use 
Committee (#A96-11). Trapping on Waterfowl Production Areas was done 
under US Fish and Wildlife Service special use permit DLWMD-96-001, and 
other research on WPAs under permit DLWMD-96-001. Use of snares in the 
springtime was allowed under North Dakota Game and Fish permit 3845.
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Crews of 2 people dragged a chain between 2 tractors or all-terrain 
vehicles to locate nests by flushing attending females (Klett et al. 1986). Nest 
sites were marked with a 3-mm orange rod at the nest bowl and a white 
wooden stake 10  m away. I recorded species, clutch size and incubation stage 
(Weller 1956) for each nest and revisited nests at 7-10 day intervals to 
determine whether nests were successful (at least one egg hatched), 
abandoned, or destroyed by predators, farm machinery, investigators or 
weather (Klett et al. 1986). For all analyses nests were excluded in cases of 
investigator-caused destruction, damage or abandonment. I excluded most 
Northern shoveler nests in 1995 because they were fenced to increase their 
hatch rate as part of a brood survival study (Zimmer 1996).
Calculating Distance to Landscape Features
In 1996,1 recorded locations (UTM coordinates) of all nests, and 
nearest wetland and habitat edge (crop field, road, or treeline) to each nest 
using a global positioning system (GPS) unit with real time corrections. In 
1997, I used the same system to mark locations of all abandoned buildings on 
each study site, as well as those within 800 m outside the site edge. I used 
these locations to calculate distance (m) to nearest wetland or habitat edge, 
and to nearest abandoned building from each nest.
Nest Success and Distance From Edge of Trapped Sites and Landscape 
Features
For the study of nest success in relation to distance from edges of 
trapped sites, I divided each trapped site into a core area (1,040 ha) extending
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1600 m out from the center point of the site, a middle concentric square (1295 
ha) 1600-2400 m from the center, and an outer concentric square (1,815 ha), 
2400-3200 m from the center. I used the Mayfield method (Mayfield 1975, 
Johnson 1979) to calculate daily survival rates (DSRs) of nests for each site- 
area combination.
I used analysis of variance (ANOVA, PROC GLM, SAS Institute 1990) to 
test for differences in DSR among inner, middle and outer portions of trapped 
sites. The standard error of DSR decreases in proportion to the square root of 
the exposure days used in the calculation (Johnson 1979), so I weighted by 
the square root of exposure days. I also used ANOVA to test for differences in 
numbers of predators caught/64 ha on inner, middle and outer portions of 
trapped sites.
For the analysis of landscape features effects on DSR, I treated each 
nest as a data point. I used logistic regression (Neter et al. 1996) to test for a 
relationship between distance to nearest water or wetland edge (DISTWET), 
habitat edge (DISTEDGE) and abandoned building (DISTBLDG) and nest 
success. The response variable was success or failure of the nest The initial 
model contained continuous and categorical variables and included.treatment 
(TREAT = trapped or untrapped), species (SPECIES = blue-winged teal, 
gadwall or mallard) DISTWET, DISTHAB, DISTBLDG, interactions between 
treatment and distance measures, and between species and distance 
measures as predictor variables (PROC CATMOD, SAS Institute 1990) Nest 
success is influenced by the number of days nests are under observation and
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exposed to predation, so I used the number of days each nest would be 
exposed prior to hatch (DAYTILHATCH = 35-nest age when found) as a 
covariate in all logistic models (T. Arnold, personal communication).
I used stepwise, backward elimination and dropped non-significant 
terms (P > 0.2) and their interactions from the model, and then re-ran models 
for trapped and untrapped sites and for blue-winged teal, mallards and gadwall 
separately (PROC LOGISTIC, SAS Institute 1992). For easier interpretation of 
results I calculated the average DISTWET, DISTEDGE, and DISTBLDG for 
successful and unsuccessful nests on trapped and untrapped sites, for all 
species combined, and for blue-winged teal, gadwall and mallard separately. 
RESULTS
I collected data for the study on effects of landscape features on a total 
of 845 nests, 512 on trapped sites, and 333 on untrapped sites. I did not find a 
relationship between nest success and DISTWET (x2 = 0.12, P = 0.733) or 
DISTEDGE (x2 =0.44, P = 0.508), so I dropped these terms and their 
interactions with treatment and species from the model. However, nest 
success was related to the interaction between treatment and DISTBLDG (x2 
=8.62, P = 0.003), so I produced logistic models containing only DISTBLG and 
DAYTILHATCH, for trapped and untrapped sites separately. Nest success 
decreased with proximity to abandoned buildings on untrapped sites (x2 = 4.23, 
P = 0.04) and increased with proximity to abandoned buildings on trapped sites 
(x2 = 8.08, P  = 0.005, Table 3.1). As expected, predator removal influenced 
nest success (x2 = 35.5, P  < 0.001). The interaction of SPECIES and
63
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3.1. Average distance from landscape features for successful and 
unsuccessful dabbling duck nests on trapped and untrapped sites in North 
Dakota, 1996.
Distance (m + se)
Landscape Feature Successful Nests Unsuccessful Nests
Trapped UntraDDed Trapped UntraDDed
Abandoned Building
All Species1 1200 + 41 2205 + 97 1397 + 62 1903 + 70
Blue-winged Teal 1177 + 54 2140 + 140 1397 + 89 1881+86
Gadwall 1467 + 35 2383 + 196 1079 + 229 2225 + 164
Mallard 1056 + 87 2229 + 228 1468 + 126 2139 + 211
Habitat Edge
All species1 219 + 20 235 + 21 197 + 15 249 + 21
Blue-winged Teal 222 + 25 216 + 30 180 + 18 270 + 29
Gadwall 320 + 136 264 + 53 171+57 169 + 48
Mallard 201 + 39 279 + 50 197 + 33 268 + 60
Wetland Edge
All species1 118 + 21 153 + 37 164 + 36 152 + 25
Blue-winged Teal 72 + 12 90 + 20 127 + 28 169 + 37
Gadwall 138 + 40 168 + 56 95 + 28 111 +45
Mallard 152 + 37 216 + 118 266 + 135 123 + 35
’Blue-winged teal, gadwall, mallard, northern pintail, northern shoveler.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DISTBLDG met criteria for inclusion in the model, but was not significant (%2 = 
3.90, P = 0.143).
There was a trend toward an overall difference in daily survival rate 
among inner, middle and outer portions of trapped sites (F* 24 = 3.16, P = 0.06), 
but the results did not fit the expected pattern of increased nesting success 
closer to the inner core of sites. Highest nest success occurred on the middle 
portion of trapped sites, which was significantly higher than success on the 
inner core (Fv 24 = 5.06, P = 0.034), but did not differ from success in the outer 
portion (F,.24 = 3.98, P = 0.058). Nest success did not differ between inner and 
outer portions (Fi. 24 = 0.02, P = 0.893).
DISCUSSION
Distance to habitat edge or wetland edge did not affect duck nest 
success, consistent with previous findings for upland duck nests 
(Patsitschniak-Arts et al. 1998, Clark and Shuttler 1999). Although some 
studies suggest duck nest success increases with increasing proportion of the 
landscape in grassland cover (Greenwood et al. 1995, R. Reynolds, 
unpublished data), effects of patch size are not well established (Clark and 
Nudds 1991) and effects of distance to edge have not been found for wild duck 
nests in this or other studies (Pasitschniak-Arts 1998, Clark and Shuttler 1999).
Why do results from studies on duck nests in grassland differ from those 
finding decreased nest success near habitat edges? Forest songbirds are 
more vulnerable to cowbird parasitism near edges, a factor not relevant to duck 
nest success. Higher nest predation in fragmented forests may be due in part
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to increased nest densities near edges (Gates and Gysel 1978), but upland 
duck nests are distributed randomly with respect to habitat ecotones 
(Patsitschniak-Arts et al. 1998). Another possibility is that forest-agricultural 
ecotones may be more abrupt than grassland-agriculture ecotones, especially 
late in the season when standing crops are at least as high as most grassland 
plantings. Forest edges have a more complex trophic structure and thus have 
higher productivity, higher prey densities and thus higher predator abundance 
than do grassland edges (Gates and Gysel 1978).
Nest success decreased with increasing proximity to abandoned 
buildings on untrapped sites, but this pattern was reversed on trapped sites.
On untrapped sites, if predators were using buildings as denning sites, they 
would be more likely to encounter duck nests near buildings when foraging for 
dependent young. In particular, female skunks and raccoons tend to have 
smaller home ranges than do males, and their activities are concentrated near 
dens during lactation (Lariviere and Messier 1998b), which occurs during the 
duck nesting season. Availability of buildings for overwintering could decrease 
nest success on sites by increasing survival rates and therefore the density of 
predators. However, I was unable to test this hypothesis because trapped and 
untrapped sites all had > 8  abandoned buildings and my experimental design 
was complicated by trapping.
On trapped sites, increased nest success was likely due to trappers 
concentrating on abandoned farmyards when trapping, especially when 
targeting skunks and raccoons. Trappers may have been more effective at
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removing predators near abandoned buildings than in other parts of sites 
because these potential denning locations provided a focus for their efforts.
It is not clear why nest success did not vary substantially with distance 
from the edge of trapped sites. Trappers typically trapped the entire site 
intensively in late March and April, then later concentrated their efforts along 
the outer edges of sites, attempting to capture predators dispersing onto sites. 
Predators were captured at a higher rate on the outer portion of sites than on 
inner or middle portions. Perhaps predators that did disperse past the high 
concentration of traps on the outermost portions of sites were less likely to be 
caught in the core areas and were able to affect nest success there as much as 
on the outermost portions.
MANAGEMENT IMPLICATIONS
Despite discussions among some managers about removing abandoned 
buildings to reduce depredation and increase duck nest success, proximity to 
abandoned buildings had not previously been shown to decrease nest success. 
My results provide some support for removing abandoned buildings from areas 
important for upland-nesting duck production. However my results should be 
interpreted with caution because I tested for effects of proximity to abandoned 
buildings, not their presence or absence. There is no guarantee that removing 
abandoned buildings would reduce overall predator activity or depredation of 
waterfowl nests. If abandoned buildings serve to concentrate predators in 
certain locations, then removing them might simply distribute predators more
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evenly over the landscape. This would make any trapping efforts more difficult, 
and would have unknown effects on duck nest success.
Nonetheless, my results provide impetus for research on the effects of 
destroying abandoned buildings on duck nest success. The needs of other 
wildlife species and people must be considered as well, as abandoned 
buildings may provide habitat for wildlife species of concern, such as bats, 
reptiles or owls. Permission is needed for destruction of abandoned buildings 
on private land, and managers should be sensitive to the possibility that some 
buildings may have historical or cultural value.
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EFFECTS OF DATE, NEST AGE, FECES AND REMOVAL OF MAMMALIAN 
PREDATORS ON DUCK NEST SUCCESS
Studies of the nesting success of birds are important for determining 
overall productivity of populations. Calculating the percentage of nests from 
which at least one egg hatched is the simplest way to determine nest success. 
However, this approach omits nests that fail prior to discovery, neglects the 
amount of time each nest is under observation, and gives success rates that 
are seriously inflated (Lack 1954, Hammond and Forward 1956). If nests can 
be located the same day they are initiated (Klett and Johnson 1982), or if 
destroyed and active nests are equally likely to be found (Johnson 1979) then 
apparent nest success is unbiased, but neither condition applies for upland- 
nesting ducks.
Mayfield (1961, 1975) introduced a method that reduces bias in nest 
success estimates by calculating daily survival rates, based on the total days a 
group of nests was under observation (exposure days) and the total number of 
mortalities that occurred during that period. The Mayfield method, however, 
assumes daily survival rates are constant.
Most investigators appear unconcerned about assuming constant 
survival, but it seems plausible that both date within the nesting season and 
age of the nest could influence the probability of nest mortality. Mallards (Anas 
platyrhynchos) and northern pintails (A. acuta), which nest earlier in the season 
are believed to have lower nest success than later-nesting species like blue­
winged teal (A. disors), gadwall (A. strepera), and northern shoveler (A.
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dypeata). Some studies have found lower nest success for the earliest nesting 
species (Beauchamp et al. 1996, Chapter 1), and these data suggest that date 
may partially explain differences in nest success among species, and should 
be examined in detail. Higher daily survival rates early in the season were 
found for mallards and blue-winged teal (Klett and Johnson 1982) and for 
northern shovelers (Greenwood et al. 1995), but this potential influence on 
daily survival rate (DSR) has not been well studied.
Nest success might also vary with nest age (no. of eggs + days 
incubation) due to changes in nest attendance and flushing behavior though 
the nesting cycle. Female ducks spend increasing proportions of time on the 
nest as nest age increases, typically not incubating at night until incubation 
begins (Afton and Paulus 1992). Less time on the nest means less time during 
which scent cues may lead predators to the nest, as mammalian predators are 
most active at night. This suggests that daily survival rates would be high early 
in laying. Conversely, as nest age increases, flushing distance decreases, 
particularly during incubation (Forbes et al. 1994). Waiting to flush until 
approaching predators are near probably puts females at risk, but likely lowers 
the risk of nest destruction.
Nest site selection is another factor that might increase survival of late 
incubation nests. Nests located where predator activity is high, such as near 
den sites (Lariviere and Messier 1998, Lariviere et al. 1999) or predator travel 
lanes (Bider 1968, Gates and Gysel 1978) likely would be depredated early,
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and those situated away from high predator concentrations would survive to 
late incubation and continue to have high survival.
The expected pattern of DSR variation with nest age would be high nest 
success during laying, low nest success during early incubation when females 
increase nest attendance, then high nest success late in incubation when 
flushing distances are lowest (Armstrong and Robertson 1988) and nests in 
high predator activity areas have already been depredated. Klett and Johnson 
(1982) found the lowest nest success of mallards and blue-winged teal during 
early laying (< 5 eggs), but this study was conducted on highway right of ways 
that may serve as predator travel lanes and thereby exacerbate effects of poor 
nest placement. Sample sizes for early-laying nests were low in that study, so 
a study with larger sample sizes would help test the validity of this reported 
seasonal pattern.
Investigator disturbance might also affect nest success. When flushed 
by investigators, female ducks sometimes defecate on the nest. Studies of the 
effects of feces are equivocal. Swennen (1968), and McDougall and Milne 
(1978) suggested that feces might deter predation, but it seems more likely that 
feces would increase predation rates by increased nest detection by 
mammalian predators. Duck feces increased nest depredation in some studies 
(Hammond and Forward 1956, Clark and Wobeser 1997, Olson and Rohwer 
1998), but had no influence in others (Keith 1961, Townsend 1966, Livezey 
1980).
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Effects of date, nest age, and the presence of feces might differ with the 
amount of predator activity in an area. Half of my study sites were intensively 
trapped to remove mammalian predators. On trapped sites, nest success was 
higher and predator activity lower than on untrapped sites (Garrettson et al. 
1996, Chapter 1) which offered an opportunity to test for potential influences on 
nest success on sites with high and low predator activity. My objectives were 
to test for effects of predator activity (TREAT), date (DATE), nest age (AGE), 
and the presence of feces (FECES) on duck nest success.
STUDY AREA AND METHODS
My study was conducted during 1994-1997 on 17 sites (14 were 42 km2, 
3 were 2.6 km2) in Towner, Benson, Cavalier, Nelson, and Ramsey counties, 
north-central North Dakota, as part of a larger study on the effects of predator 
removal on nest success. Most agricultural lands were in small grains, hay, 
pasture, or grassland enrolled in the Conservation Reserve Program (CRP). 
Sites were not reused between years, except that 2 from 1994 were reused and 
assigned to the same treatments in 1995. Experienced trappers removed 
striped skunk (Mephitis mephitis), fox (Vulpes vulpes), raccoon (Procyon fotor), 
and mink (Mustella vison) from trapped sites during 1994-1996 using body- 
gripping traps, unpadded foothold traps, snares, and shooting (Garrettson et al 
1996).
Research was approved by the Louisiana State University Institutional 
Animal Care and Use Committee (#A96-11). Trapping on Waterfowl 
Production Areas was done under US Fish and Wildlife Service special use
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permits DLWSUP-95001 and DLWMD-96-001, and other research on WPAs 
under permits DLWMA-95010, and DLWMD-96-001. Use of snares in the 
springtime was allowed under North Dakota Game and Fish permits 3828 and 
3845.
Nest Searches
Crews of 2 people dragged a chain between 2 tractors or all-terrain 
vehicles to locate nests by flushing the attending females (Klett et al. 1986). 
Nest sites were marked with a 3 mm orange rod at the nest bowl and a white 
wooden stake 10 m away. During each nest visit I recorded species, clutch 
size, incubation stage (Weller 1956), and whether feces were present or 
absent Nests were revisited at 7-10 day intervals until a fate was determined 
(Klett et al. 1986). Nests were either successful (at least one egg hatched), 
abandoned, or destroyed by predators, farm machinery, investigators or 
weather.
Nest Success
I used logistic regression (Neter et al. 1996) to test for effects of DATE 
and AGE, on nest success. Each nest was visited n times, for a total of n-1 
nest check intervals, which I used as data points. Success or failure of the nest 
within check intervals was the response variable, with DATE and AGE of the 
nest at the beginning of the interval as continuous predictor variables. I 
included TREAT and its interactions with DATE and AGE in the model, and 
reported results from the full model (PROC CATMOD, SAS Institute 1990).
The number of days a nest is exposed to predation influences survival
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(Mayfield 1975), so exposure days for the check interval was included as a 
covariate in the model (Pasitschiniak-Arts et al. 1998). I fitted models for all 
species combined and for five species (mallard, blue-winged teal, gadwall, 
northern pintail and northern shoveler) separately.
Using backward elimination I dropped all terms where P  > 0.2 to 
determine best models that explained effects of DATE, AGE, and TREAT on 
nest success of each species, and all species combined. I then incorporated 
FECES and the FECES by TREAT interaction in these models to test for their 
effects on nest success.
RESULTS
Daily survival rate (DSR) increased with increased AGE for all species 
when analyzed separately, as well as when all species were combined (Table 
4.1). There was a significant AGE by TREAT interaction for blue-winged teal 
and gadwall (Table 4.1). Blue-winged teal DSR increased steadily with 
increased AGE on trapped sites, but fluctuated on untrapped sites (Figure 4.1). 
Gadwall DSR increased with increased AGE on trapped sitas and decreased 
slightly on untrapped sites (Figure 4.2).
DATE and the DATE by TREAT interaction influenced DSR of blue­
winged teal and of all species combined (Table 4.1). There was a general 
pattern of increased DSR with later date for the early part of the season. DSR 
of blue-winged teal dropped late in the season on trapped sites and increased 
on untrapped sites (Figure 4.3). For all species combined, DSR on trapped 
sites dropped then rose sharply late in the season, while on untrapped sites,
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Table 4.1. Effects of date, age, predator removal treatment, and interactions on nest success of dabbling ducks 
(Anas spp.) in North Dakota, 1994-1996.
Species (n)1 DATE AGE TREAT DATE X TREAT AGE X TREAT
£ P X? E £ P £ E £ E
All (6118) 13.55 <0.001 570.59 <0.001 4.60 0.032 13.66 <0.001 3.14 0.077
BW Teal (3229) 13.90 <0.001 226.44 <0.001 8.13 0.004 18.68 <0.001 16.30 <0.001
Gadwall (701) 0.39 0.531 73.46 <0.001 0.03 0.874 0.02 0.918 4.76 0.029
Mallard (1345) 3.00 0.083 156.05 <0.001 0.42 0.517 1.02 0.313 1.04 0.307
N. Pintail (431) 0.05 0.825 64.89 <0.001 2.85 0.092 3.96 0.047 1.15 0.284
N. Shoveler (288) 1.31 0.252 29.36 <0.001 0.77 0.380 0.33 0.564 0.33 0.565
^Number of nest check intervals.
a m i |B A jA jn s  A ||«q
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Fig
ur
e 
4.1
. 
Ef
fec
ts 
of 
ne
st 
ag
e 
on 
da
ily
 
su
rv
iva
l r
ate
s 
of 
blu
e-w
ing
ed
 
te
al 
ne
sts
 
in 
No
rth
 
Da
ko
ta 
19
94
-9
6.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
s
0.99 
0.985 
0.98 
|  0.975 
? 0.97
I
$  0.965 
>»I 0.98
0.955
0.95
0.945
Untrapped
Trapped
H
10 15 20 25
Age-5 Day Intervals
30 35
Figure 4.2. Effects of nest age on daily survival rates of gadwall nests in North Dakota 1994-96.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
0.99
0.97
£  0.96
I
*E 0.95
3
CO
s  0.94
5
Untrapped
Trapped
0.93
0.92
0.91
200190170 180130 140 150 160
Date
Figure 4.3. Effects of date on daily survival rates of blue-winged teal nests in North Dakota 1994-96.
DSR of the latest nests dropped sharply (Figure 4.4). There was a significant 
DATE by TREAT interaction for northern pintails (Table 4.1), in which nest 
success increased with later date on untrapped sites, but remained constant on 
untrapped sites (Figure 4.5). Neither DATE nor the DATE-TREAT interaction 
influenced DSR of mallards or northern shovelers.
Plots of DSR by 10-day intervals suggested that for some species, a 
second order polynomial might provide better model fit, so I did a post-hoc 
analysis including a DATE2 term. However, results did not change, so I 
reported results from first-order polynomial models only. A significant effect of 
TREAT was detected only for blue-winged teal and all species combined 
(Table 4.1). However, in simpler models (see Chapter 1), predator removal 
significantly improved daily survival rates of all species combined and when 
tested individually.
The presence of feces did not influence DSR of gadwall (x2 = 0.87, P = 
0.350), blue-winged teal (x2 = 0.38, P = 0.538), northern pintail (x2 = 0.15, P = 
0.703), northern shoveler (x2 -  0.39, P -  0.533), or all species combined (x2 =
1.43, P  = 0.232). The interaction of FECES with TREAT was significant for 
mallards (x2 = 20.41, P < 0.001) but DSR on untrapped (x2 = 2.15, P = 0.142), 
and trapped sites (x2 = 0.58, P = 0.447) was not related to the presence of 
FECES.
DISCUSSION
Increased daily survival late in the nesting cycle is likely due to a 
combination of altered female behavior and early loss of high-risk nests. Blue-
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Figure 4.5. Effects of date on daily survival rates of northern pintail nests in North Dakota 1994-96
winged teal show high incubation constancy later in incubation (Loos 1999) 
and flushing distance declines for all dabbling ducks during late incubation 
(Forbes et al 1994). Both factors would be expected to increase nesting 
success. Survival of well-placed nests is another factor that might account for 
high DSRs of late-stage nests. Nests placed close to predator travel lanes or 
denning sites likely would be depredated early in the nesting cycle, whereas 
nests that survive to incubation are likely placed away from danger and should 
continue to survive at a high rate.
K is less clear why nest success is lowest during laying when females 
spend relatively little time on the nest (Gloutney et al. 1993, Loos 1999) and 
therefore present fewer scent cues for predators. Low survival of early-stage 
nests is all the more surprising because laying females do not sit on eggs at 
night when most mammalian predators are active (Afton and Paulus 1992).
Nest site quality may be a factor in the low DSRs of early stage nests. Perhaps 
early loss of high risk nests is substantial even though female behavior would 
seem to favor low predation.
Whatever its cause, low survival of early-laying nests has implications 
for calculating nest success rates. Laying females spend little time on the nest 
(Gloutney et al. 1993, Loos 1999) so laying stage nests are likely 
underrepresented in most samples (Klett and Johnson 1982). Assuming an 
overall daily survival rate based on a sample where most exposure days are for 
later stage nests that have higher daily survival could seriously overestimate 
success rates.
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Beauchamp et al. (1996) found lower nest success among early-nesting 
species, such as mallards and pintails, than among later nesting species such 
as blue-winged teal and gadwall. In a cross-species comparison of nest 
success the same nest data that was the basis of this paper, I also found lower 
success for early nesting species (Chapter 1). Species differences may 
account for the overall increase in nest success with later date fqr all species 
combined. In particular, daily survival rates for the earliest nest check intervals 
are considerably lower than those for the next 10-day check interval on 
untrapped sites. Low success of early nests could be due to sparser cover or 
scarcity of alternate prey just after spring thaw. On trapped sites, the 
improvement in survival between the earliest and subsequent time period was 
not as dramatic, which suggests that predator removal improved success of the 
earliest nests. On untrapped sites nest success of all species combined fell 
after 1 July but the cause of this decline was not apparent
Within species, blue-winged teal and pintail were the only species in 
which DSR was influenced by DATE or the DATE-TREAT interaction. On 
untrapped sites, survival increased with date for both species. On trapped 
sites survival did not vary over time. This pattern is difficult to explain, 
particularly for blue-winged teal, which are relatively late nesters and would not 
be expected to be influenced by alternate prey and cover quality as much as 
earlier nesters.
In contrast to my finding that feces do not influence nest survival, 
several studies found increased predation of nests with feces (Hammond and
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Forward 1956, Clark and Wobeser 1997, Olson and Rohwer 1998). These 
studies, however, used feces from captive mallards on simulated duck nests. It 
is not known how or to what extent females clean soiled nests, but it is possible 
that by returning to the nest and tending eggs they cause fecal odors to 
dissipate more quickly than they do at an untended nest The other, 
complimentary possibility is that the presence of the female at the nest creates 
strong scent cues that overwhelm the feces effect that has been observed in 
studies of untended, simulated nests.
MANAGEMENT IMPLICATIONS
Researchers and managers should be aware of the potential for nest 
success estimates to be biased high due to lower survival of early stage nests, 
which tend to be underrepresented in samples of nests. Researchers could 
attempt to assure laying-stage nests are found by searching early in the 
morning when laying females are likely attending nests (Gloutney et al. 1993, 
Loos 1999). However, this strategy increases the probability of nest 
abandonment, as females are more likely to abandon nests disturbed during 
laying (Armstrong and Robertson 1988, Forbes et al. 1994, Chapter 2). To 
account for lower survival of early-stage nests, different daily survival rates 
could be calculated for different nest ages to produce an overall success rate 
for a group of nests (Klett and Johnson 1982). This adjustment requires extra 
work, and may not be necessary for comparisons between treatments, but 
adjusting for potential differences in survival of nests at different ages should
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give a less-biased nest success estimate, provided the sample includes nests 
found during laying.
Date effects on nest survival are less cause for concern. To avoid 
biased estimates, researchers should conduct nest searches regularly 
throughout the season, which is standard practice in studies of duck nesting 
success (Klett et al. 1986).
Lower survival of artificial nests containing feces is no doubt worrisome 
to many researchers. Yet my study and others on natural dabbling duck nests 
find no effect of feces, and no reason for censoring data from soiled nests, nor 
for treating these nests differently in statistical analyses. Caution still suggests 
that researchers carry paper towels and clean soiled eggs to minimize 
observer-caused nest disturbance.
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CONCLUSIONS
Nest success of upland-nesting dabbling ducks was approximately 2 1/2 
times higher on sites where mammalian predators were trapped than on 
untrapped control sites. Success of the earliest nesting species, mallards and 
northern pintails, was lower than that of the later-nesting blue-winged teal and 
gadwall. Removal of mammalian predators can substantially increase duck 
nesting success, but such management is likely controversial. Studies on 
public opinion of predator management for increasing duck production are the 
next logical research steps.
Distance to nearest wetland or habitat edge did not influence duck nest 
success, but distance to nearest abandoned building did. On untrapped sites, 
nests closer to abandoned buildings had a lower probability of surviving to 
hatch; on trapped sites, nests closer to abandoned buildings had a higher 
survival probability. Likely these results were due to higher predator activity 
near abandoned buildings used as denning areas on untrapped sites, and 
lower predator activity near buildings on trapped sites because trappers 
concentrated their efforts there. Although abandoned buildings influence nest 
success, it is not clear whether destroying them would improve nest success 
over a given area. Destruction of abandoned buildings should be tested 
carefully before being widely implemented as a management technique.
Nest success increased with increased nest age for all dabbling duck 
species test and with later date for blue-winged teal and all species combined. 
The presence of feces did not influence nest success. Low success of
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early-stag© nests could lead to nest success estimates that are biased high, 
because laying-stage nests tend to be underrepresented in nest samples.
Nest abandonment decreased with increasing nest age, but did not vary 
with date during the season, except for blue-winged teal, which abandoned 
nests more frequently late in the nesting season. Mallards abandoned at a 
greater rate than did blue-winged teal, gadwall, northern shoveler and northern 
pintail, and these differences were especially pronounced during early laying. 
Abandonment rates did not differ between trapped and untrapped sites. 
Researchers should avoid disturbing nesting females early in laying, but if this 
is necessary, avoid using mallards as study subjects if possible.
92
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
Table A.1. Mayfield nest success (95% Cl) on sites with and without trapping of mammalian predators of 
upland duck nests in North Dakota, 1994-1996.
Year Site Mallard Gadwall Blue-winged Teal
U U %SWWS8 N % Success
Northern Pintail All Species1 
H % Success
<o
CO
1904 1 80 43 (31-60) 27 58 (37-90) 68 82 (49-79) 20 65(54-77) 220 53(45-62)
1995 1 73 37 (25-54) 34 30(17-53) 74 40 (28-58) 16 30(11-79) 202 35(38-44)
1995 5 24 41 (23-72) 14 58(34-99) 80 59(47-74) 10 57 (25-100) 133 56(46-67)
1995 6 52 42(22-55) 18 53 (31-89) 74 48 (36-64) 19 42(22-80) 170 44(36-54)
1995 8 28 28(14-55) 18 56 (33-93) 85 54 (42-69) 10 45 (18-100) 146 47(38-58)
1996 9 35 33 (19-57) 18 37 (18-74) 92 43(33-57) 16 14(4-47) 191 35(28-44)
1996 12 14 22(7-63) 10 70 (41-100) 44 32 (19-52) 14 32(11-87) 91 31 (22-45)
1996 13 99 49 (38-62) 19 77 (57-100) 72 52 (39-68) 42 63 (46-86) 250 58 (49-64)
1996 15 13 30(12-73) 9 21 (6-73) 145 45(44-53) 6 3(0-85) 181 42(34-51)
all
UntraDoed
418 39(34-45) 167 49 (40-59) 734 48(42-52) 150 40(31-52) 1584 45(42-48)
1994 2 25 6 (2-21) 20 13(5-35) 49 7(3-17) 3 0 (0-100) 101 7(5-9)
1995 2 17 13(4-41) 9 56 (28-100) 54 27 (16-45) 4 58(20-100) 80 32(27-39)
1995 3 36 24 (13-45) 21 34 (16-69) 41 26(15-46) 11 14 (3-67) 106 18(15-22)
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table cont.
1995 4 10 14 (3-60) 10 25 (9-71) 60 14 (8-25) 4 17(2-100) 79 15 (12-20)
1995 7 39 12(5-27) 18 6 (1-24) 116 24(17-34) 29 16 (6-38) 202 18(16-21)
1996 10 35 26(13-50) 21 25 (11-57) 67 26 (16-40) 14 40 (16-99) 152 31 (27-35)
1996 11 26 9(3-27) 20 20 (8-48) 50 20(11-35) 6 1 (0-25) 111 11 (8-14)
1996 14 26 12 (5-34) 13 32 (12-80) 79 13 (7-22) 5 0 (0-30) 156 12 (10-15)
1996 16 5 3 (3-30) 5 9 (8-93) 99 9 (5-15) 1 n.a. 121 10 (8-12)
all 219 14(11-22) 137 21 (15-30) 615 17(15-21) 80 14 (8-25) 1122 17 (15-19)
&  ’ Includes northern shovelers (n = 286), green-winged teal (n = 66), unknown species (n = 22), American wigeon
*  (n = 8), and upland nesting redheads (n = 15), lesser scaup (n =7), and ringnecked duck (n = 1).
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